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Current Trends in Antifertility Vaccine Research
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We review the major advances that have recently occurred in the area of antifertility vaccines by
examining the immunogenic potential of gamete, embryonic and placental antigens. In human
trials using g-human chorionic gonadotropin coupled with tetanus toxoid as the immunogen, the
majorproblems with antifertility vaccines relate to specificity andmaintaining an adequate antibody
titer to disrupt gestation. Possible complications include cross-reaction with other body tissues,
immune complex deposition, cytotoxicity, impairedimmunologic tumorsurveillance and nonreversi-
bility.
(Covey DC, O'Brien KD, Moore DE: Current trends in antifertility vaccine research. West J Med
1985 Feb; 142:197-202)

Although a number of methods are available today for con-
traception, none of them are absolutely safe, free from

discomfort and universally acceptable. Thus, research con-
tinues toward developing a more effective means of fertility
regulation. Among these new approaches, active immuniza-
tion against one or more antigens involved in the reproductive
process bears particular promise because it would preclude
the disadvantages associated with a daily oral drug regimen.

Ideally, an antifertility vaccine should have the following
properties: reasonable titers of antibodies to the immunogen
should develop in all recipients; the immunity should persist
for a reasonable amount of time, say 6 to 18 months, so that
numerous booster injections are not required; the antifertility
effect should be reversible; noxious adjuvants such as
Freund's complete adjuvant should be avoided; antibodies
produced should be specific to the reproductive process
without cross-reacting with other body components, and there
should be no serious side effects (Table 1).

A number of factors governs the specificity ofthe immune
response to a given antigen. These include the type ofantigen,
method of presentation, the route of administration and the
adjuvant used. Several other factors affect the duration of
immunity. These include the persistence of the antigen in
vivo, clonal expansion, T- and B-cell cooperation and the
production ofmemory lymphocytes.

In this review, we consider immunologic fertility control
in terms of three broad classes of antigens: gamete, embry-

onic and placental. We focus on active rather than passive
immunization because the former method is more efficacious
and amenable to large-scale use.

Gamete Antigens
Zona Pellucida

The zona pellucida, an acellular gelatinous layer, sur-
rounds the mammalian oocyte and preimplantation em-
bryo. The zona pellucida prevents polyspermia and blocks
penetration of sperm by other species.'2 This layer brelaks
away just before implantation either by a hatching mecha-
nism involving embryo pulsation, by uterine proteolytic
activity or by a combination of both.3 The following fea-
tures make the zona pellucida an attractive target for im-
munologic contraception: it is a unique structure, immuni-
zation could prevent conception and therefore not act as
an abortifacient and there may be as many as four anti-
genic sites on this structure that might promote specificity
and simplicity in antibody production.4

The zona-specific antigens develop at the stage of the
secondary follicle, persist throughout the ovulation stage
and are intact when the sperm-ovum interaction occurs.5
These antigens are also detectable on the zonae of em-
bryos at the morula and blastocyst stages and are retained
until zona shedding during implantation.6 Thus there is
ample opportunity for specific circulating antibodies to
bind with zona antigens. Antibodies raised against zona
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antigens can inhibit fertility, presumably by preventing
sperm attachment and passage through the zona.7 Al-
though zona pellucida antigens are tissue-specific, they are
not species-specific; it has been shown that human and
porcine zonae (and other species) contain an immunologi-
cally similar cross-reacting antigen.8 Antiserum produced
against a purified 60,000 molecular weight component iso-

lated from porcine zonae inhibited in vitro adherence of
homologous sperm to antiserum-pretreated human and
monkey zonae.9 Thus the porcine zona pellucida may
serve as an antigenic source for the development of a

human contraceptive vaccine. Its efficacy would depend on
whether sufficiently high antibody titers could be achieved
and whether tissue specificity could be assured.

Spermatozoa
In most research in this area two sperm-specific anti-

gens have been used: Lactate dehydrogenase (LDH-C4) or
acrosin. LDH-C4 (formerly called LDH-X) is an isoen-
zyme that is specific to the acrosome of spermatozoa.
Mouse LDH-C4 has been isolated in pure form and anti-
body to it cross-reacts with the human sperm enzyme.'0
Anti-LDH-C4 causes reduced fertility in rabbits." More
promising results were obtained in baboons that were im-
munized with both human and murine LDH-C4..2 Seven
of eight matings subsequent to immunization were infertile
and the one pregnancy that occurred was in an animal
with undetectable antibody titers.

Acrosin is a protease also present in the acrosome. It has
been implicated as the enzyme responsible for penetration of
the zona pellucida by spermatozoa, and may play a role in the

acrosome reaction.'3.14 Studies have shown that acrosin in-
hibitors can prevent fertilization of the ovum. 15-17 Additional
work has shown that immunization of ewes with partially
purified ram acrosin reduced but did not eliminate fertility.18
Because a single ejaculation introduces millions of sperma-

tozoa into the female reproductive tract and only one sperm is
required for fertilization, it may be difficult to achieve suffi-
ciently high antibody titers in the oviductal fluid to ensure
neutralization ofevery sperm. Studies in this area to date have
shown only reduced fertility or incomplete sterility.

Embryonic Surface Antigens
Several investigators have studied immunization against

embryonic cell surface antigens as a means of fertility preven-
tion. An embryonic antigen useful for fertility control should
have the following characteristics: the antigen must be
present on the embryonic surface in a density and for a length
of time that would allow immunologic recognition and de-
struction of the cell; mtediators of immune destruction should
have access to -the embryo that is unimpeded by physical
barriers such as zona pellucida, decidual tissue or reproduc-
tive tract epithelium, and the embryonic target antigens
should lack determinants found in adult tissues.

Alloantigens
Alloantigens are controlled by histocompatibility genes,

and their expression in mouse embryos has been extensively
studied. 19'20 In mice, the major histocompatibility (H-2) anti-
gens are found on the embryonic cell surface in the early
blastocyst stage, and the minor histocompatibility antigens
may be expressed at the first cleavage stages.2122 However,
murine alloantigens may be available for recognition only
during the preimplantation periods, as their expression on the
trophectoderm surface is reduced sharply with the initiation
of implantation. This short period of expression and the
highly polymorphic nature of alloantigens are felt to make
them poor candidates for use in immunocontraception.2'

Oncofetal Antigens
Oncofetal antigens have been detected on various sponta-

neous, chemically induced and virally transformed tumors.
They are also detectable on embryonic cell surfaces.24 25 F-9
teratocarcinoma- oncofetal antigens are the most well studied
ofthis group. In one study26 female mice immunized with F-9

TABLE 1 .Comparison of 'Ideal' Properties of Possible Antifertility Antigens
'Ideal' Properties

Safe,
High Persistence Possible Effective Free

Antibody of Reversi- Adjuvant Antibody of
Antigens liters Inmunuity bility Available Specificity Complications

Zona vellucida .-._..... . . ...............4. + + - +.t. . . . . . . . . . ......................

Spermatozoa
LDH-C4 . . . ............

Acrosin

Embryonic alloantigens .........

Oncofetal antigens ............

Structural trophoblastic antigens ..

Placental enzymes
Schwangershaft's protein-I .... . . .

Placental protein-5 ... . ... .... . .

Human placental lactogen .1.:.. . . . .

Human chorionic thyrotropin .... . .

Human chorionic gonadotropin ... .

+
4- - + 4

- +4+

4-

4- -I - + +

LDH-C4 = lactate dehydrogenase isoenzyme C4, :E = equivocal, + = present, - = absent
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ABBREVIATIONS USED IN TEXT
DS,-hCG-(3-hem = a highly specific derivative of

,B-human chorionic gonadotropin
FSH = fo!licle-stimulating honnone
hCG = hurmn chorionic gonadotropin
,3-hCG-TT = (3-hCG coupled with tetanus toxoid
hPL = humnan placental lactogen
LDH-C4 = an isoenzyme of lactate dehydrogenase
LH = luteinizing hormone
OLH,B = (3-subunit of ovine luteinizing hornone
PPs = placental protein-5
SP, = Schwangershaft's protein-I
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cells showed a reduction in fertility. However, of three F-9
immunized mice that became pregnant, teratocarcinoma de-
veloped in one, and all fetuses of another were severely
growth retarded.

Structural Trophoblastic Antigens
Because trophoblast is normally found only in cases of

pregnancy, antigenic determinants unique to this tissue would
offer potential sites for antibody binding. In mice it has been
possible to obtain relatively pure trophoblast (called ectopla-
cental cone trophoblast) by dissecting the early postimplanta-
tion conceptus before infiltration of other tissues. It has thus
been possible to raise a heterologous antiserum that shows
specific binding to trophoblast cell populations.23 The anti-
gens differ from alloantigenic determinants in that they are
not lost at the time of implantation. The difficulty with this
approach for humans is obtaining sufficient quantities of tro-
phoblast-specific antigens to effect immunization. Also, it is
not known in humans whether or not antibodies to tropho-
blastic antigens would cross-react with other tissue antigens.

Placental Antigens
Placental proteins are unique to pregnancy and would pro-

vide logical targets for the action of an antifertility vaccine.
The ideal antigen would be specific to early gestation, re-
quired for maintaining pregnancy and be present in trace
amounts to facilitate neutralization by specific antibodies. A
number of placental proteins have been characterized, in-
cluding human placental lactogen (also known as human cho-
rionic somatomammotropin), human chorionic thyrotropin,
human chorionic gonadotropin (hCG), (31-glycoproteins and
placental enzymes."

Placental enzymes. These include 17(3- and 3,B-hydroxy-
steroid dehydrogenases, cystine aminopeptidase and heat-
stable alkaline phosphatase. However, these enzymes are not
suitable candidates for an antifertility vaccine as they lack the
requisite immunologic specificity.

(31-Glycoproteins. Two human placental (,3-glycoproteins
have been purified, Schwangershaft's protein-l (SP1) and pla-
cental protein-S (PP5), having molecular weights of 90,000
and 50,000, respectively." Passive immunization of fertile
female monkeys with anti-human SP1 resulted in decreased
fertility, although isoimmunization yielded less promising re-
sults.28 Problems with using SP1 as a basis for fertility control
include the large amounts that are present in the placenta and
its lack of tissue specificity.29 On the other hand, PP5 has been
found to be a more potent antifertility agent than SP1 and is
capable of causing a significant reduction in fertility in mon-
keys immunized with this antigen.27 However, the physi-
ologic role of this glycoprotein during pregnancy has not been
elucidated.
Human placental lactogen and human chorionic thyro-

tropin. Human placental lactogen (hPL) is secreted by the
trophoblast and is detectable in serum at about the sixth gesta-
tional week. Although anti-hPL in serum was able to disrupt
pregnancy in rats, mice and baboons, active immunization of
baboons against baboon placental lactogen did not result in
abortions.27 Due to hPL's immunologic similarity to pituitary
growth hormone, it would have to be suitably modified to
avoid cross-reactivity. Human chorionic thyrotropin, like
hPL, has considerable immunologic cross-reactivity with its

pituitary counterpart and major molecular modifications
would have to be made to obviate this problem.
Human Chorionic Gonadotropin

Human chorionic gonadotropin has received much atten-
tion as a target for an antifertility vaccine due to its unique
physiologic role in human reproduction. This hormone is
normally produced only during pregnancy and is not present
in nonpregnant women. After implantation, hCG is secreted
by the trophoblast into the maternal circulation, rescues the
corpus luteum from degeneration and stimulates it to secrete
estrogen and progesterone.3031 Not until placental steroid
production surpasses that of the corpus luteum at the ninth
gestational week does the corpus luteum become unnecessary
for endometrial support. hCG thus bridges the transition from
ovarian to placental steroid function. BecausehCG travels via
the maternal circulation from the trophoblast to the corpus
luteum, it is subject to inactivation by specific circulatory
antibodies. It has been postulated that serum antibodies with a
binding capacity of 20 ng of hCG per ml of serum would be
sufficient to interrupt pregnancy.32

Whether hCG is secreted by the blastocyst before or after
implantation has yet to be resolved. Using a radioreceptor
assay that detects both hCG and human luteinizing hormone
(LH), Saxena and co-workers found increased levels ofhCG
as early as six days after ovulation.33 Other investigators,
however, did not detect a significant rise in plasma hCG until
9 to 13 days following ovulation, precluding the likelihood
that hCG is secreted before implantation of the blastocyst.34
Regardless of the chronology ofhCG secretion, it is of para-
mount importance during the first trimester ofpregnancy.

Human chorionic gonadotropin, a glycoprotein of molec-
ular weight 39,000, is composed of an cx- and a (3-subunit.35
The (3-subunit, with a molecular weight of 23,000,36 is re-
sponsible for the hormonal identity ofhCG.37 The structure of
hCG is similar to that of the pituitary glycoproteins,
thyroid-stimulating hormone (thyrotropin), follicle-stimu-
lating hormone (FSH) and luteinizing hormone. As in the case
of hCG,the (3-subunit of these pituitary hormones confers to
each its own biologic specificity. The a-subunits of hCG,
LH, FSH and thyrotropin are nearly identical.37 However,
(3-hCG has an additional 30 amino acid residues at its carbox-
yterminus that are not found in the (3-subunits of the other
glycoprotein hormones, with four of the additional serine
residues possessing carbohydrate side chains.38 Due to the
similar amino acid sequences of hCG and human LH, use of
the former as an antigen would necessitate that it be highly
purified; otherwise a high cross-reactivity with human LH
would exist.

The considerable amino acid homology between the (3-
subunits ofhCG and human LH and the low molecular weight
of (-hCG promoted studies to increase its specific antigenic
qualities. These included (1) coupling the subunit to a protein
carrier39; (2) using enzyme-cleaved fragments from the
unique COOH-terminus of the (3-subunit40; (3) constructing
synthetic peptides with amino acid structures similar to the
COOH-terminal region41; (4) using synthetic COOH-ter-
minal peptide conjugated to antigenic carrier proteins,42 and
(5) chemical modification ofthe (3-subunit with specific fumc-
tional reagents.27 The rationale for these approaches was sup-
ported by reports that indicate that antibodies against (3-hCG
could discriminate hCG from human LH.43'44
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Spatial configuration of the molecule also plays an impor-
tant role in the antigenicity of ,B-hCG. Partial reduction and
s-carboxamidomethylation of the ,B-subunit induces a change
in its three-dimensional structure that leads to preferential loss
of human LH and retention of hCG immunoactivity.45 Ler-
ario and associates found that hCG-specific determinants,
which reside in the variable region of the (3-subunit, are pre-
dominantly conformational rather than sequential in nature.46
They also found that antigenic determinants, usually buried
when 13-hCG is combined with its complementary oa-subunit,
are subsequently uncovered when ,B-hCG dissociates. Anti-
bodies produced against the dissociated fl-subunit were not as
sensitive as antisera to the endogenous intact hormone, or the
fl-hCG coupled to a nonhuman a-subunit.

Stevens and colleagues used fl-hCG hapten coupled with
p-aminobenzene-sulfonic acid to immunize baboons.27 The
antibodies produced showed cross-reactivity with human but
only weakly with baboon LH. Talwar and co-workers showed
that injection of 1-hCG coupled with tetanus toxoid ((3-
hCG-TT) elicited a desirable antibody response to the native
hormone in animals.47 They reported that anti-,B-hCG-TT
sera raised in various species neutralized the biologic activity
ofhCG in three of four test systems. Additional work showed
that preimmunization with tetanus toxoid carrier would en-
hance neutralizing antibody production to 0-hCG.48 Studies
in rhesus monkeys showed that hCG administered after im-
munization with 0l-hCG-TT resulted in a decline in circu-
lating antibody titers. Therefore, these antibodies were able
to recognize and bind the hCG molecule.49 When human LH
was administered in lieu of hCG, there was no detectable
decline in anti-hCG titer. Native hCG did not act as a booster
to induce an anamnestic response. 5

Bahl and co-workers have developed a highly specific
derivative of fl-hCG (DS5-hCG-f-hem) by the controlled re-
duction and alkylation of disulfide bonds followed by conju-
gation to keyhole limpet hemocyanin. Rabbit antibody to
DSs-hCG-0-hem specifically bound hCG with no significant
cross-reactivity with human LH and other polypeptide hor-
mones.27 The antibody neutralized in vivo the effect of hCG
on ovarian ascorbic acid content without affecting human LH
activity. It also inhibited hCG-induced rat uterine weight
gain.

To date, only ,B-hCG-TT has been tested in phase I clinical
trials; 15 young adult women who had previously undergone
tubal ligation were immunized with this conjugate.32 Anti-
bodies developed in 14 of the women, and no adverse effects
were noted. Unfortunately, sufficiently high anti-hCG titers
to ensure adequate binding of maternal hCG did not develop.
Interestingly, high antibody titers against the tetanus toxoid
carrier protein were produced. This discrepancy in antibody
response to the two components of the conjugate could be
explained by the following: (3-human chorionic gonadotropin
is an isoantigen and therefore not a potent immunogen in its
own right; because the tetanus toxoid carrier contains poly-
mers with molecular weights 100 times greater than that of
3-hCG, its large size may impede recognition of the hapten,
resulting in decreased antibody production; and the use of a
bifunctional reagent might join not only hapten to carrier, but
also fl-hCG to ,B-hCG and carrier to carrier, thus reducing the
net dose ofimmunogenic polymer.

Additional human trials have been conducted to further

evaluate ,B-hCG-TT. Recently 23 women were immunized
with this conjugate, but peak titers could not be sustained and
most showed a variable pattern ofantibody response.50

Although not of placental origin, the fl-subunit of the
ovine pituitary glycoprotein, luteinizing hormone (OLH,B), is
able to elicit production of antibodies in the serum of rhesus
monkeys that cross-react strongly with rhesus chorionic go-
nadotropin with resultant reduced fertility.5' The antifertility
effect of anti-OLHI3 is probably due to prevention of corpus
luteum rescue.52 Anti-OLHfl was also able to bind hCG,51
which leads to the possible extrapolation of this technique to
humans.

Adjuvants
The problem of sufficient antibody production to any re-

productive tract immunogen probably also extends to the type
of adjuvant used. Although the use of alum-precipitated an-
tigen has proved to be a safe vehicle for human vaccination, it
stimulates insufficient antibody response to ,B-hCG or other
isoantigens. Talwar points out that unless Freund's complete
adjuvant is used, investigators have been unsuccessful in
stimulating antibodies to synthetic fragments of f-hCG.53
Freund's complete adjuvant, although a potent adjuvant,
causes extensive and disfiguring granuloma formation and
therefore is not acceptable for human use.

To achieve a state ofenhanced immune responsiveness to a
putative reproductive tract antigen, an adjuvant may act in
one or more of three ways.54 First, a slow release of antigen
from the site ofdeposition may prolong and thereby potentiate
the antigenic stimulus. Second, the adjuvant could stimulate
the mononuclear phagocyte system, causing rapid ingestion
or more effective processing ofantigen and enhanced lympho-
cytic response. Third, adjuvants might evoke a generalized
immune response, such as a direct action on lymphocytes or
an acceleration ofcellular differentiation.
A number of adjuvants have been tested for possible use

with an antifertility vaccine. Muramyl dipeptide or one of its
analogs has recently been shown to be a highly effective adju-
vant. It has the following advantages: it is a simple synthetic
compound with many analogs, it is soluble in water, it is not
cytotoxic and it is not antigenic in its own right.55 The use of
muramyl dipeptide with ,B-hCG-TT is in the initial stages of
investigation.56 Also, Covey and associates have shown that
Corynebacterium parvwn may potentiate neutralizing anti-
body production to j-hCG-TT.57 Other adjuvants considered
include thymic factor, lavamisole, tilorone, liposomes and
Bordetella pertussis. Perhaps one of the foregoing adjuvants
or a new immunoenhancing compound such as lynestrenol58
will provide the breakthrough needed to produce a safe, effec-
tive vaccine.

Potential Complications of Antifertility Vaccines
Complications Associated With Active Immunization

Immunization may result in anaphylactic reactions medi-
ated by mast-cell-bound IgE antibodies. Factors that predis-
pose a person to such reactions include a small antigenic
dose59; genetic susceptibility60; the use of certain adjuvants,
especially pertussis,61'62 and IgA deficiency.63 Determining
the presence of antigen-specific serum IgE is possible by the
radioallergosorbent test and may be helpful in averting this
potentially life-threatening problem. Other complications of
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active immunizations include delayed hypersensitivity and
Arthus reactions.

Possible Complications Associated With hCG or
hCG-Subunit Immnizations

Because the a-subunit of hCG is nearly identical to the
a-subunits of thyrotropin, FSH and LH, immunization with
the intact hCG molecule could cause production of antibodies
that cross-react with these other hormones.36 These cross-re-
active antibodies could then neutralize LH, FSH and thyro-
tropin and cause decreased function of the hormones' target
organs. Immunization with the ,3-subunit ofhCG would avoid
the production of antibodies that cross-react with thyrotropin
and FSH. However, the l3-subunits of LH and hCG are very
similar in structure and the potential for formation ofantibody
that reacts with LH would still exist with ,B-hCG immuniza-
tion.

Immunization with pituitary hormones or pituitary hor-
mone analogs may damage the pituitary gland itself. There is
indirect evidence that antibodies to pituitary hormones may
damage the pituitary gland, either via direct cytotoxicity64'65
or by forming insoluble complexes on the cell surface and
eliciting an Arthus reaction.66

Serum sickness is another potential complication of hCG
immunization because cross-reactive antibodies could also
form circulating immune complexes with pituitary hormones.
However, because circulating immune complexes most
readily form in situations of slight antigen excess,67 the ex-
tremely low circulating levels of thyrotropin, FSH and LH
make this complication unlikely.

Finally, because human malignant tumors may express
hCG or embryonic antigens on their surfaces, it has been
postulated68 that masking of these surface antigens by non-
complement-fixing antibodies could impede T-lymphocyte
recognition and destruction-that is, immunologic surveil-
lance. Also, Hurtenbach and Shearer"9 have shown that im-
munizing mice with sperm antigens impairs cancer immuno-
surveillance through generation of T-suppressor lympho-
cytes.

Possible Complications Associated With
Spern Antigen Immunizations

In 1966 Paterson'7 reported that in Lewis rats immunized
with testicular antigens, pathologic changes developed in
their brains that were histologically consistent with the find-
ings in cases of allergic encephalomyelitis. However, the
possibility that the rats were infected with viral encephalo-
myelitis, a common disease in Lewis rats, was not excluded.68

Other studies have shGwn the existence of cross-reactive
antigens fQund in both mouse sperm and fetal tissue.687' This
raises the possibility that antisperm antibodies could cross-
react with fetal tissue and harm or modify fetal development.
Cross-reactive antisperm antibodies might also interfere with
immunologic surveillance of fetal-antigen-secreting tumors.

Finally, Thng68 has reported that amyloidosis has devel-
oped in sperm-immunized guinea pigs. Therefore, he has
raised the question of whether widespread amyloidosis could
occur in humans immunized with sperm antigens.
Conclusion

For an antifertility vaccine to be efficacious, it must cause
an adequate antibody titer even in poor responders. In this

regard, adjuvant research looks to improve these titers. Both
natural and synthetic adjuvants are being tested. It is esti-
mated that another 10 to 15 years of sustained, high-priority
effort will be needed to produce a workable vaccine using
either f3-hCG or one of the other compounds." An effective
antifertility vaccine should become a reality when the right
match ofantigen and adjuvant is discovered.
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